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1	Introduction
Based on the LS replies received from RAN1 and RAN4 ([2][3][5][6]), dual UL transmission may not be feasible in all scenarios considered for RUDI handover. In particular, the following scenarios appear difficult:
· Synchronous and asynchronous intra-band intra-frequency HO for LTE and for FR1 in NR
· Asynchronous intra-band inter-frequency HO for LTE and for FR1 in NR
· All handovers in FR2 in NR
To support RUDI HO in the above scenarios, the UE may need to fallback to single UL transmission where some form of UL TDM is applied between the source and target cell. In this contribution we discuss how such TDM scheme can be designed using Single UL Operation (SUO) in EN-DC as a reference. 
[bookmark: _Ref178064866]2	Discussion
2.1	Single Uplink Operation (SUO) in EN-DC
The motivation for introducing Single Uplink Operation (SUO) in EN-DC in Rel-15 was twofold. One is to avoid DL interference caused by the UL intermodulation that occurs in certain band combinations in the case of concurrent UL transmissions. The other one is to avoid power splitting between the eNB and gNB for cell edge UEs.
SUO requires that the eNB and gNB coordinate their scheduling so that the UE is not required to transmit on both the LTE and NR carrier at the same time. To achieve this, the eNB signals a TDM pattern to the gNB in the SgNB Addition Request which indicates the subframes that the eNB has reserved for UL on the LTE carrier. The SgNB will then avoid scheduling UL transmissions on the NR carrier in slots which overlap with the LTE UL subframes. In order for this coordination to work the eNB and gNB have to be synchronized. The SUO configuration for EN-DC is illustrated in the figure below.


Figure 1 SUO configuration in EN-DC
Initially it was considered that SUO could be achieved by proper scheduling on the network side and that no UE changes would be required. However, for LTE FDD, a drawback with this approach is that only a few subframes would be available for DL data transmission on the LTE carrier due to the fixed HARQ ACK/NACK timing used in LTE FDD. This is illustrated in the figure below (reproduced from [8])  where subframes 2,3,7,8 (same as LTE TDD configuration #1) are reserved for UL on the LTE carrier. As can be seen in this example, since HARQ ACK/NACK is transmitted 4 subframes after the DL data transmission, DL data can only be scheduled in subframes 3, 4, 8, 9. In other words, only 40% of the subframes can be utilized for DL even though it is an FDD carrier.
[image: ]
Figure 2 DL HARQ ACK/NACK timing in LTE FDD
To increase the number of subframes that can be used for DL data transmission on the LTE FDD carrier, an optional TDM pattern can be signalled to the UE in the RRCConnectionReconfiguration message to modify the DL HARQ ACK/NACK timing. The TDM pattern signalled to the UE contains one of the existing LTE TDD patterns and a HARQ offset parameter and is applied as follows:
· DL data can be scheduled in all subframes on the LTE carrier
· UL data can only be scheduled in subframes on the LTE carrier which are indicated as UL subframes in the LTE TDD pattern
· DL HARQ feedback is transmitted in an UL subframe according to the rules defined for TDD-FDD CA with TDD-PCell
· The HARQ offset parameter (0-9) can be used to shift the LTE TDD pattern

This is illustrated in the figure below (reproduced from [8]) where the same subframe (2,3,7,8) as in the previous example are reserved for UL. As can be seen, all subframes can now be used for DL data transmission.
[image: ]
Figure 3 DL HARQ ACK/NACK timing in LTE FDD using TDM pattern
Note that NR uses a more flexible HARQ ACK/NACK timing and therefore no TDM pattern needs to be signalled on the NR side in EN-DC.
2.1	Single uplink in RUDI HO
RUDI HO differs from EN-DC in that the time the UE is simultaneously connected to two nodes is expected to be very short. If we assume that the time required for RUDI handover is similar a traditional handover, the time the UE is connected to both nodes will only be around 50ms. Considering this, a simplified approach can be considered where the source and target nodes do not coordinate the UL transmissions and where the UE instead prioritizes the transmission in target node if a scheduling conflict occur. This would also allow RUDI HO to be used in unsynchronized networks where UL coordination is not possible.
[bookmark: _Toc21030784]The network is not required to coordinate the UL transmissions in the source and target cell: if the UE is not capable of dual UL transmission and an UL scheduling conflict occurs, the UE prioritizes the transmission in the target cell.
In case the network is synchronized, the network can choose to coordinate the UL transmissions by employing a similar UL coordination mechanism as used in EN-DC. In this case, if the source node deems that UL coordination is required, it can signal a TDM pattern to the target node in the X2/Xn Handover Request message which indicates which subframes/slots it intends to use for UL. For LTE, the TDM pattern used in EN-DC could likely be re-used, while for NR a new TDM pattern may need to be defined due to the different frame structure used in NR.
[bookmark: _Toc21030785]The source node can choose to coordinate the UL transmissions in the source and target cell by signalling a TDM pattern in the X2/Xn Handover Request message which indicates the subframes/slots that the source intends to use for UL.

The next question to address is whether UL coordination on the network side is sufficient or whether the UE needs to be aware of the TDM pattern determined by the source node.
For RUDI HO in LTE the situation is similar to SUO in EN-DC except that LTE is used on both links. As described in the previous section, indicating the TDM pattern to the UE may be beneficial for an LTE-FDD carrier as it increases the number of subframes that can be used for DL data transmission. In contrast to EN-DC, both links use LTE in RUDI HO which means that the UE should apply the TDM pattern on both links. The paper from Nokia [1] provides a good description of how the TDM pattern can be designed based on existing LTE TDD patterns [1] and by utilizing the HARQ offset. In our view, however, considering that the time the UE remains dual connected is very short and since UL scheduling conflicts can be avoided even if the TDM pattern is not indicated to the UE, we do not think it is necessary to indicate the TDM pattern to the UE.
[bookmark: _Toc21030786] The TDM pattern does not need to be indicated to the UE in RUDI HO in LTE.
Since the HARQ ACK/NACK timing for DL transmissions is more flexible in NR the same issue with the lack of DL subframes does not occur in NR. Therefore, there does not appear be any need to signal the TDM pattern to the UE in case of RUDI HO in NR.
[bookmark: _Toc21030787]The TDM pattern does not need to be indicated to the UE for RUDI HO in NR.
To progress the work on single UL for RUDI handover we propose to send an LS to RAN1 and ask them if the single UL scheme described above is feasible from their point of view.
[bookmark: _Toc21030788]Send LS to RAN1 and ask them whether the following single UL scheme for RUDI HO in LTE and NR is feasible:

- In case of e.g. unsynchronized network UL coordination is not required – if an UL scheduling conflict occurs the UE prioritizes the transmission in the target cell

- The network can coordinate the UL transmissions by exchanging a TDM pattern over X2/Xn and adapt the UL scheduling in the source and target node

- The TDM pattern does not need be indicated to the UE
4	Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	The network is not required to coordinate the UL transmissions in the source and target cell: if the UE is not capable of dual UL transmission and an UL scheduling conflict occurs, the UE prioritizes the transmission in the target cell.
Proposal 2	The source node can choose to coordinate the UL transmissions in the source and target cell by signalling a TDM pattern in the X2/Xn Handover Request message which indicates the subframes/slots that the source intends to use for UL.
Proposal 3	The TDM pattern does not need to be indicated to the UE in RUDI HO in LTE.
Proposal 4	The TDM pattern does not need to be indicated to the UE for RUDI HO in NR.
Proposal 5	Send LS to RAN1 and ask them whether the following single UL scheme for RUDI HO in LTE and NR is feasible:  

- In case of e.g. unsynchronized network UL coordination is not required – if an UL scheduling conflict occurs the UE prioritizes the transmission in the target cell  

- The network can coordinate the UL transmissions by exchanging a TDM pattern over X2/Xn and adapt the UL scheduling in the source and target node  

- The TDM pattern does not need be indicated to the UE
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